We discuss the mass spectrum of Ω baryon with two heavy quarks and one light quark (ccs, bbs and bcs). The main goal of the paper is to calculate the ground state masses and after that, the positive and negative parity excited states masses are also obtained within a Hypercentral Constituent quark model, using coulomb plus linear potential framework. We also added first order correction to the potential. The mass spectra upto 5S for radial excited states and 1P-5P, 1D-4D and 1F-2F states for orbital excited states are computed for Ω cc , Ω bb and Ω bc baryons. Our obtained results are compared with other theoretical predictions which could be a useful complementary tool for the interpretation of experimentaly unknown heavy baryon spectra. The Regge trajectory is constructed in both (n r , M 2 ) and (J, M 2 ) planes for Ω cc ,Ω bb and Ω bc baryons and their slopes and intercepts are also determined. Magnetic moments of doubly heavy Ω ′ s are also calculated.
Introduction
The doubly heavy Ω baryons represent a unique part of three-quark systems because they consist of strange light quark. Experiments and theoretical calculations have been diversely studied the heavy hadrons in last few years. So far singly heavy baryons have been discovered and quantum number of most of the observed states have been assigned. Many experiments, LHCb, BELLE, BABAR, FO-CUS are planning to detect doubly and triply heavy baryons [1, 2] . The future project PANDA experiment at GSI are expected to give fruitful results in heavy baryon sector; especially charm sector. In fact, Ξ + cc has been discovered [3] but none of the double/triple heavy Ω baryons have been discovered. Prediction for the masses of doubly heavy baryons have been presented by many authors so far. Indeed, this a e-mail: raiajayk@gmail.com gives additional ground for new theoretical and experimental investigations of doubly as well as triply heavy baryonic properties. Many theoretical works have been focused on doubly heavy baryons, like relativistic three quark model [4, 5] , Salpeter model [6] , heavy-quark effective theory [7] , QCD sum rule [8] [9] [10] , semiempirical mass formulas [11] , the Hamiltonian model [12] , variational approach [13] , the three-body Faddeev method [14] , Hypercentral constituent quark model [15] , Lattice QCD [16] [17] [18] [19] [20] [21] , etc. Recently, KeWei Wei et al. used Regge phenomenology and with the quadratic mass relations, they obtained doubly and triply charmed baryon masses [22] .
In this paper we shall study baryons containing two heavy quarks; charm-charm, bottom-bottom and charm-bottom with a light strange quark. Firstly, the mass spectra of these baryons (Ω + cc , Ω − bb and Ω 0 bc ) are determined in the framework of Hypercentral constituent quark model (HCQM) [15, [23] [24] [25] [26] . In this paper we use coloumb plus linear potential and solve six dimensional hyperradial Schrodinger equation numerically. Secondly, the first order correction is taken into account in the potential. So, the purpose of our new investigation with an alternative calculation scheme of the baryon mass spectrum are elaborated as compared with the earlier performed investigations through the variational approach in Ref. [15] . The quantum numbers of doubly heavy ground state baryons are as folows:
-Strangeness S= -1 and Isospin I= 0 -spin-parity J P = The calculations have performed for the radial excited states (upto 5S) and orbital excited states(1P-5P, 1D-4D and 1F-2F) at ν=1.0 1 for Ω cc , Ω bb systems. To obtain the excited states of these doubly heavy baryons, we follow the same methodology used in previous calculations for singly charm baryons [23] . Ground states are studied by various theoretical approaches for Ω cc , Ω bb and Ω bc are listed in Table 1 .
The paper is organized as follows. After the introduction, we briefly describe our Hypercentral Constituent Quark Model in sec. 2. In Sec. 3 we present our results and drawn regge trajectories for Ω cc , Ω bb and Ω bc baryons. We also calculate magnetic moments for each baryons. In the last section, we drawn our conclusion.
The HCQM Model
The baryons are made of three quarks and they are related to the Jacobi co-ordinates given as [27] ,
Here m i and r i (i = 1, 2, 3) denote the mass and coordinate of the i-th constituent quark. Quarks masses are shown in Table 1 . The respective reduced masses are given by
The hyper radius x = ρ 2 + λ 2 and hyper angle ξ = arctan( ρ λ ) are in terms of the absolute values ρ and λ of the Jacobi coordinates [28] [29] [30] . In the center of mass frame (R c.m. = 0), the kinetic energy operator can be written as
where
is the quadratic Casimir operator of the six-dimensional rotational group O(6) and its eigen functions are the hyperspherical harmonics, satisfying the eigenvalue relation
Here, γ is the grand angular momentum quantum number. In present paper, the confining three-body potential is chosen within a string-like picture, where the quarks are connected by gluonic strings and the potential strings increases linearly with a collective radius r 3q as mentioned in [31] . Accordingly the effective two body interactions can be written as
In the hypercentral approximation, the potential is only depends on hyper radius(x). More details can be seen in references [31, 32] . The hyper radius x is a collective coordinate and therefore the hypercentral potential contains also the three-body effects. The Hamiltonian of three body baryonic system in the hCQM is then expressed as
where, m =
, is the reduced mass and x is the six dimensional radial hyper central coordinate of the three body system. The hyperradial Schrodinger equation corresponds to the above Hamiltonian can be written as,
where Ψ γ (x) is the hypercentral wave function and γ is the grand angular quantum number. We consider a reduced hy-
. Thus, six dimensional hyperradial Schrodinger equation reduces to,
For the present study we consider the hypercentral potential V(x) as the color coulomb plus power potential with first order correction [39] [40] [41] ,
where V 0 (x) is given by
and first order correction as similar to the one given by [39] ,
Here, τ is the hyper-Coulomb strength corresponds to the strong running coupling constant α s [23] . β is the string tension of the confinement part of potential. C F and C A are the Casimir charges of the fundamental and adjoint representation. If we compare Eqn. (9) with the usual three dimensional radial Schrodinger equation, the resemblance between angular momentum and hyper angular momentum is given by [42] , (10) contains three types of the interaction terms [43] .
The spin-spin term V SS (x) gives the spin singlet triplet splittings, the spin-orbit term V γS (x) and tensor term V T (x) describe the fine structure of the states. The detail of the terms are given in [23] . We numerically solve the six dimensional Schrodinger equation using Mathematica notebook [44] . We have followed the (2S+1) γ J notations for spectra of baryons.
Results and Disscussions

Mass Spectra
The ground and excited states of doubly heavy Ω baryons are still experimentally unknown to us. Therefore, we have calculated the ground as well as excited state masses of doubly heavy baryons Ω cc , Ω bb and Ω bc [See Table 2 -6] . Such kind of theoretical study is very much useful to obtain their experimental states (J P values), masses and other properties. These mass spectra of doubly heavy baryons are obtained by using coulomb plus linear potential in Hypercentral constituent quark model. Our computed ground states with J P = − parities [45] . They use variational approach in which they try to write down the eigen states in terms of the operators and determine the energies from the evolution of the correlators of the eigenstates. Energy splittings of the Ω cc states are from the mass of the η c meson. Ref. [46] estimate the ground state mass of Ω cc to be around 3.726 GeV in chiral perturbation theory.
The radial excited state masses for these three baryons are computed from 2S-5S and are compared with Refs. [5, 6, [12] [13] [14] in Table 3 . We can observe that, our 2S and 3S states show less MeV difference with ref. [5] The orbital excited states are calculated for 1P-5P, 1D-4D and 1F-2F mentioned in Table 4 -6. Isospin splittings were also considered, that means we have considered all possible combination of total spin S and total angular momentum J to obtain orbital states mass spectra. We can observe that the total combinations for P, D and F states are 5, 6 and 6 respectively. Other theoretical approaches have also been calculated these orbital excited states but they have not consider all (S, J) combinations. We have compared our outcomes with other models in following tables 4-6.
Our obtained orbital excited masses(A) are compared and discussed with other predictions in following paragraph.
For Ω cc , our 1P state J P = − ) MeV lower than ref.
[22].
For Ω bb , our 1P state J P = [12] and [13] respectively. The orbital mass spectra of third doubly heavy baryon, Ω bc is not calculated in any approach. Refs. [37] and [5] stated that excited levels are not possible for Ω bc because the excited states of diquarks {bc} are not stable due to the emission of soft gluons. We have not consider di-quark mechanism in our approach, so that, we calculated orbital mass spectra for Ω bc baryon. We guess, we are the first to calculate these spectra.
Regge Trajectory
We calculated both radial and orbital excited states masses upto L=3. Using them we are able to construct Regge trajectories in (n, M 2 ) and (J, M 2 ) planes. n is principal quantum number and J is a total spin. The Regge trajectories are presented in Figs 
Where, β and β 0 are slope and intercept, respectively and n r = n-1. The fitted slopes and intercepts are given in Table 7 . We use natural(J P = 11.103 11.122
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Where, α and α 0 are slope and intercept, respectively. The fitted slopes and intercepts for both naural and unatural parities are given in Table 8 . We observe that the square of the calculated masses fit very well to the linear trajectory and almost parallel and equidistant in S, P, D and F states. We can determine the possible quantum numbers and prescribe them to particular Regge trajectory with the help of our obtained results. 
where, H = E + V spin . Using these equations, we calculated magnetic moments of Ω + cc , Ω − bb and Ω − bc baryons. The spin flavor wave function [47] and magnetic moments are given in Table 9 . Our obtained ground state magnetic moments are also compared with others and results are reasonably close.
Conclusions
The ground state as well as excited state masses are obtained for doubly heavy Ω baryons in hCQM are tabulated 
